Introduction
Porphyrin ring distortions have attracted attention because of the recent observation that classes of hemoprotein derivatives contain similarly conformationally distorted macrocycles ;i'. . .
For example. the conformation of the heme group of each of the more than ' 1.5 peroxidaes and their iiiutants is predominantly saddled. while the heme groups of cytochrome c tend to be ruffled. Although an absolute correlation between conformational distortion and protein function has not yet been made. distortion of the heme macrocycle may influence chemical arid photochemical properties of porphyrins [2].
The conformation of the macrocycle can be influenced by several factors including peripheral substituents [3-5], central metal ion [ 6 , i ] . or by the environment of the heme [7]. Steric crowding at the periphery generally leads to substantial nonplanarity of the core. and it has recently been shown that the magnitude of ring deformation increases with increasing steric bulk at the periphery [51. Correlations betwen the central metal ion and the magnitude of core deformation have been established for a series of nonplanar mewsubstituted octaethylporphinato derivatives [6] . The results for a series of metal complexes of octaethyltetraphenylporphyin clearly show that the size of the metal atom is related to the magnitude of planarity of the macrocycle. with a smaller metal atom favoring a more nonpianar conformation. It has been previously predicted that with a central metal ion as large as iron the macrocycle is not likely to exhibit nonplanar structures in the absence of large (> 10 kJ-mol-') external influences on the structure [TI.
Finally, the environment around the heme may be the cause of significant solid-state macrocyclic distortions. Protein structures have revealed a large number of distorted hemes which. when put in solution, are nearly planar 171. Thus. in the solid state, external forces can cause significant distort ions. Jentzen and Shelnutt have recently developed a structural analysis method [8] for CISsifying and quantifying heme distortions. This method is based on the observation that the out -ofpl ane distort ions are comparable to displacements along plane normal coordinates of the macrocycle. In its simplest form, the lowest-frequency out-ofthe normal-coordinate struc-tural decomposition (NSD) method uses a linear combination of only the six lowest-frequency out-of-plane normal coordinates of the macrocyc!e. one of each D J~ out-of-plane symmet ry type. to simulate the macrocyclic distortion. In most cases. macrocyclic distortions can be described adequately by summing displacements along these six out-of-plane normal coordinates denoted sad. mf. dom, WQC(X) . wazfy). and pro. Pure displacenients along these coordinates are commonly observed symmetric deformations seen in X-ray crystal structures of symmetrically substituted porphyrins. The amounts of saddling (sad) . ruffling (mf) . doming (dom) . \vav-lng [ wav(z) and wav(y)], and propellering (pro) deformations required to simulate more complicated out-of-plane distortions of porphyrin macrocycles are determined by the YSD procedure.
The normal-coordinate structural decomposition method has been used to ciassify and quantify the distortions of more than 100 synthetic and 800 protein-bound metalloporphyrin derivatives defined by X-ray crystal structures. Iloreover, it has revealed information that rvas previously disguised in the complicated heme distortions caused by the asymmetric heme environment.
In the past decade, much research has focused on the synthesis of mimics of distorted porphyrins found in heme proteins. The synthetic analogs that show significant distortion of the macrocycle are typically meso-subst i t uted or mesu-subst i tu ted oc taet hylporphinato derivatives, since bulky groups in the meso positions tend to favor ring distortion. However, mesosubstituted derivatives are rarely found in biological systems, and heme proteins can be better modeled by the use of octaethylporphinato derivatives. In this paper, we describe the synthesis and structural and physical characterization of three crystalline forms of a fivecoordinate iron octaethylporphinato derivative. Although peripheral substitution, central metal ion, and axial ligation are identical in all forms. the porphyrin core deformations are different. Most interestingly, one crystalline form displays two distinct core conformations at the same lattice site. The structure determinations show that although octaethylporphinato derivatives are not sterically encumbering, they are still capable of adopting various core conformations. and that subtle external solid-state forces can force the porphj-rin core to change among conformations.
Physical characterization includes magnetic susceptibility measurements and crystal structure area detector diffractometer as described previously ;12].
All structures were solved by direct methods with the SHELXS-86 program and were refined against F? with the SHELXL program [13] . Surprisingly. the porphyrin ligand in [Fe(OEP)-~,LO~C~C13)] appeared to have a significant amount of disorder. Several adjacent atonlj of the core (and two ethyl groups) appeared to haye two distinct locations. x i t h effectively equal atomic populations. In the disorder model used. these core atonis were separated by 0.53 to 0.69 . A. All ordered, non-hydrogen atoms were refined. anisotropically: the several disordered atoms were refined with isotropic temperature factors. In the [ F~( O E P ) ( O~C~C I~) ] C H C I ; I structure. there was no disorder except for a minor one of the trichloromethyl group of the axial ligand (two orientations, occupancy factors 0.925 and 0.075). ~Fe(OEP)(02C2C13)]-HO2C2C13 crystallized in a primitive unit cell with four molecules per unit cell and no apparent symmetry. The centrosymmetric space group Pi was chosen as the most probable space group.
This requires that there are two independent molecules per asymmetric unit (molecule A and molecule B). The consideration of possible higher symmetry, including use of ,\IISSYSI [14. did not reveal an alternate choice of space group. Disorder of the trichloromethyl group (two orientations, occupancy factors 0.611 and 0.386) of the avial ligand was also Cound in molecule Hydrogen atoms were included into all niodels as Eyed. idealized contributors.
Crystal data, data collection parameters. and refinement information for all structures are given in Table 1 . Final atomic coordinates for the three structures are listed in Table 2 .
Physical Characterization.
Magnetic susceptibility measurements were obtained on ground samples in the solid state over the temperature range 6-300 K on a Quantum Design hIP.\.IS SQVID susceptometer.
Identical measurements at two fields (2 and 20 kG) showed that no ferromagnetic inipuritiej nere present. yll was corrected for the underlying porphyrin ligand diamagnetism accordin; to previous experimentally observed values [15] : all remaining diamagnetic contributions PiNOV.4 20)]. However, the crystals are unstable in the laser beam even at less than 10mlV of laser power. most of which is deflected at grazing angle. The Raman lines disappear after about one hour in the beam; consequently the spectra are not of good quality.
Results
[Fe(OEP)(02C2Cl3)] has been found to crystallize as various forms, depending on the crystallization solvent. Initial isolation of (Fe(OEP)(02C2C13)] from CHC13/hexanes revealed an unsolvated complex which contained disorder over several adjacent atoms of the porphyrin core. Id. The core conformations of the two independent rings are strikingly different. . As can be seen in their formal core diagrams. molecule X (Figure 3d ) is modejtly ruffled and domed. while molecule B (Figure 2e ) is slightly saddled. Table 1 contains the crystallographic details for all three crystalline forms. Results from the structural decomposition are shown in Table 3 and are consistent with the rnean-plane diagrams for all porphyrin rings described above. Table 4 lists selected bond lengths and bond angles €or each porphyrin and summarizes the inter-ring geometry for each dimer. Figure 3 illustrates a linear display of the skeletal deviations from the plane defined by the 24-atom plane for all core conformations found among these [Fe(OEP)(02C2C13)] solvates. A11 attempts to remake the orignal unsolvated form were unsuccessful. Temperature dependent magnetic susceptibility measurements were carried out for the two solvated crystalline forms to investigate the spin-state differences between these complexes. Initial measurements on (Fe(OEP)(02C2C13)]CHC13 resulted in a room temperature moment that was modestly elevated from that expected for a S = 5/2 system. This suggests that the sample had lost a large portion of the chloroform solvate. Magnetic susceptibility measurements were then carried out for a portion of ground [F~(OEP)(O~C~C~J)].CHC~J which had been pumped to remove any remaining CHCl3 from the lattice. The room temperature moment (assuming no solvent remains) is 3.93 p~ and the temperature dependence is representative of a high-spin iron(II1) derivative. The room temperature moment for [Fe(OEP)(02C2Cls)].HO2C2C13 is 5.58 
Discussion
lye report in this paper that more than one crystalline form of [Fe(OEP)(O~C~Cl:,}~ can be isolated. and that various ring conformations are found ivithin these crystalline forms. T! : e five-coordinate (octaethylporphinato)iron( 111) derivatives reported here lvere not expected to exhibit differing core deformations since the substituents on porphyrin ring are not sterically encumbering, 5Ioreover. the axial ligand is constant and relatively small among the various Forms. The most interesting but unfortunately not reproducible result is that of the unsolr-aced form. m-hich was the first form isolated. In this form. two porphyrin core conformations can be identified.
Refinement of the crystal structure of this form cleariy showed that several porphyrin core atoms did not occupy a single position. Thus, several atoms of the core occupy two positions.
which we interpret as the result of two core conformations. Of the 2-1 atoms that make up the porphyrin core, 19 atoms are common in both conformers. The remaining 5 adjacent atoms of each core are unique to that individual conf0rmer.t Conformation X (Figure 2a ) is best described as being slightly domed, having a maximum deviation from the 24-atom mean plane of 0.13 . i and an average deviation of 0.06(1) -4. Conformation B (Figure 2b ) is best described as being ruffled, with a maximum devizcion of 0.31 -4 and an average deviation of 0.14(7) -1. The structural decomposition results show a striking difference in amounts of total out-of-plane distortion (Doop) and amounts of ring ruffling (mj) between Conformations A and B. The total out-of-plane displacement values are 0.229 . k and 0.725 A for Conformations A and B, respectively; the amounts of ruffling are 0.072 . i and 0.681 A, respectively. It is encouraging to note that the structural decomposition method was successful at describing. in detail. these two very different conformations at the same lattice site. There seems to be no apparent reason for the co-existence of two unique porphyrin rings with different core deformations at the same lattice site. The orientation of 'Several of the 19 a t o m that are in both conformers must in reality occupy two positions that are too close to be crystallographically resolved. Hence 
Subtle solid-state affects have also been attributed to promoting a change in spin state.
Gonzalez and Wilson (281 reported that a triclinic form of [Fe(TPP)(OS02CFs)] contains two independent molecules in the unit cell: each site is magnetically distinct. It was postulated that the hydrogen bonding network that was found only at one site could be a factor that stabilizes the spin state of that iron center. For the two pure S = 5/2 systems reported in this paper (;Fe(OEP) (02CrC13)I and [Fe(OEP)(O2C2Cl3)]CHC13). all intramolecular and intermolecular contacts seem to be at or in excess of the van der IVaab radii of the a t o m involved. The Axin] lizands of both molecules of ;Fe(OEP)(02CrC13)].H02C2C13 are involved in hydrogen bondin;
to a nearby molecule of H02CrC13 (solvent). The O(2) atom of the axial ligand is 2.63 A and 2.60 A from O(S1) in Slolecules A and B. respectively: these are in accord with relatively 5crong hydrogen bonds. It is possible that the hydrogen bond interactions provide stability for partial S = 3/2 character by decreasing the field strength of the axial ligand.
Intermolecular 7-7 interactions are commonly found in metallooctaethylporphyrinates.
Solid-state 7--ir dimer formation is seen in all crystalline forms of [Fe(OEP)(02C2C13)] ( CHC13 accounts for the weak antiferromagnetic coupling, J = 0.5 cm-l.:
Each independent magnetic center of ~F~(OEP)(OZC~C~~)).HO~C~C~~ is involved in dimer formation. This is in contrast to the triclinic [Fe(TPP)(OS02CF3)] system mentioned above .?) where H, and Ifo provide the splitting between the sextet and quartet states, and C is the spin-orbit coupling parameter. (CzCCgHj02)]. In this case. it appears that the stereoelectronic features of the xyial ligands may influence the conformational structure of the porphyrin ring.
. Summary
Substantial conformational diversity is found among various solvates of (Fe(OEP)(02C?C13)].
The unsolvated (Fe(OEP)(02C2C13)] structure showed two unique porphyrin core conformations at the same lattice site; one conformation was slightly domed, while the other conformation was modestly &-ruffled. The chloroform solvate, [Fe(OEP)(02C2C13)]CHCl3, has a slightly ruffled core. Finally, the trichloroacetic acid solvate contains two independent porphyrins; one molecule is slightly saddled while the other is modestly ruiffed. The structural decomposition analysis revealed consistent results when compared to the 2-tatom mean-plane diagrams. Although octaethyiporphyrinates are capable of adopting various core conformations, severely distorted cores are rarely encountered because of the small steric constraints at the periphery. It appears that solid-state affects are responsible for the changes in core conformation among these iron octaethylporphyrinate complexes. 
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